Objectives: To establish the prevalence of the risk of undernutrition, using criteria similar to those used by the Malnutrition Advisory Group (MAG), in people aged 65 y and over, and to identify relationships between risk of undernutrition and health and demographic characteristics. Design: A cross-sectional nationally representative sample of free-living and institutionalized older people in the UK (65 y of age and over). Secondary analysis of the National Diet and Nutrition Survey based on 1368 people aged 65 y and over. Results: About 14% (21% in those living in institutions) were at medium or high risk of undernutrition based on a composite measure of low body mass index and recent reported weight loss. Having a long-standing illness was associated with a statistically significantly increased risk of undernutrition (odds ratio: men 2.34, 95% CI 1.20 -4.58; women 2.98; 1.58 -5.62). The risk of undernutrition increased: in women reporting bad or very bad health status; in men living in northern England and Scotland; for those aged 85 y and older; for those hospitalized in the last year, and those living in an institution. Lower consumption of energy, meat products or fruit and vegetables and lower blood measures of zinc, vitamins A, D, E and C were associated with statistically significantly increased risk of undernutrition. Conclusions: A substantial proportion of the older population of the UK is at risk of undernutrition. High-risk subjects are more likely to have poorer health status. It is unlikely that the individuals at high risk are being detected currently, and therefore effective care is not being provided, either in the community or in institutions. Sponsorship: This analysis was partly funded by a grant from the Department of Health. We are grateful for helpful comments from Professor MJ Wiseman and the anonymous reviewers.
Introduction
Malnutrition is a general term that has been used to mean over nutrition, undernutrition, specific nutrient deficiencies, or imbalances (Chen et al, 2001) . In the present paper we are describing undernutrition. No single measure can adequately define undernutrition and the term should represent a composite measure reflecting dietary intake, biochemical levels, anthropometric and clinical assessments. Different workers have used different definitions of undernutrition, making comparison across studies difficult. Pragmatically most definitions include an anthropometric measure (weight for height or body mass index (BMI) measured most commonly) with or without weight loss, and some include serum albumin. Chen et al (2001) have reviewed the definitions used by workers around the world. Because of different methods used the prevalence estimates of undernutrition vary from 10 to 85% in different groups of the older age groups around the world. Many estimates have been based on small non-representative samples.
Despite these difficulties of definition, broad consensus has been reached that undernourished individuals are at greater risk of illness, have poorer recovery from illness and a poorer quality of life (Elia, 2000) . Unintentional weight loss is associated with increased morbidity and mortality (Wannamethee et al, 2000) . It is projected that 20% of the population will be aged 65 y and older by 2001 (Pullinger, 1999) . In the UK, 10% of the free-living older population, and 16% of residents in nursing homes are underweight BMI < 20 kg=m 2 (Pullinger, 1999; Finch et al, 1998) . About half of hospital admissions are from the older population (Edington et al, 2000) . Between 10 and 40% of adult patients admitted to hospital are underweight, and the majority lose more weight during their hospital stay (McWhirter & Pennington, 1994) . The social and economic costs of unrecognized and untreated undernutrition are substantial (Elia, 2000) .
Undernutrition is frequently not recognized in the community in general and in the older person in particular (Elia, 2000) . The Malnutrition Advisory Group (MAG) of the British Association of Enteral and Parenteral Nutrition has recently developed guidelines for the detection and management of undernutrition in the community (Elia, 2000) . Detection of undernutrition using the MAG criteria is based on two factors: the BMI and unintentional weight loss. The MAG criteria have been validated and shown to be sensitive (Elia, 2000; Stratton & Elia, 2002; Weekes & Elia, 2002) . However, there has not been a large systematic examination of the effects of geographic location, gender or other subject characteristics on the prevalence of risk of undernutrition. The impact of risk of undernutrition to the inequalities in health observed in the UK is uncertain, as no data are available.
The aim of the present study was to use the MAG criteria to determine the prevalence of the risk of undernutrition in a representative sample of older people in the UK, and to assess whether there was any relationship between risk of undernutrition and reported health status or demographic characteristics.
Methods
A secondary analysis of data collected during the National Diet and Nutrition Survey in people aged 65 y and over was carried out (Finch et al, 1998) . Ethical approval was obtained from each NHS Local Research Ethics Committee covering the 80 sampled areas. Written consent was received from each participant.
The methodology is described in full in the original report (Finch et al, 1998) . In summary, two groups of subjects were recruited, those who were free-living and those living in institutions. The free-living subjects were selected by means of a postal sift from the Postcode Addresses File with non-responders being followed up by interview. Postal sectors were stratified according to region and the 1991 census data for social class. Eighty postal sectors were selected and sampled over a year in four waves. For each 20 postal sectors 375 addresses were systematically selected with a random start from the small users file of the Postcode Address File. One individual was selected from each household. Approximately equal numbers of people 65 -74 y old, 75 -84 y old, and 85 y and older were recruited. Institutional subjects were recruited in a two-stage process. For stage 1, residential and nursing homes were randomly selected within each of the areas surveyed for the free-living sample. For stage 2, a random sample was drawn from amongst institutions that agreed to cooperate.
Blood samples were collected from an antecubital vein. The assays were undertaken using standard techniques at the Dunn Nutrition Unit in Cambridge. Albumin was measured in heparinized plasma using a Cobas centrifugal analyzer assayed at 340 nm. Fat-soluble vitamins were measured using a Waters Millenium -controled HPLC, with a model 490E multi-chanel UV -visible detector. Vitamin C in plasma was measured using a Cobas centrifugal analyser with fluorescence attachment. RBC folate was measured using a microbiological assay using chloramphenicol-resistant L. casei. Ferritin was measured using a Immuno Radiometric (IRMA) assay. Zinc in plasma was measured using the Cobas centrifugal analyser. Quality control and assurance procedures are described in more detail elsewhere for each assay (Finch et al, 1998) .
Dietary intake was assessed using a 4 day weighed dietary intake. Free-living participants were asked to weigh and record all food and drink consumed. Institutionalized participants were visited daily to weigh one main meal and they, or their carers, were asked to keep a descriptive record of food and drink consumed for the remainder of each 24 h period. Nutrient intakes were calculated using McCance and Widdowson's The Composition of Foods (Holland et al, 1991) .
Each subject was asked about their health: how they rated their own health; whether they had any long-standing illness; and whether they had been admitted to hospital in the last 12 months. The self-reported health information was not substantiated by medical chart verification. Basic demographic and social data were collected. Questionnaire information was provided by proxy for 3% of free-living and 34% of institutionalized older people based on the interviewer's subjective assessment of the cognitive capacity of the respondent to answer questions in a reliable manner. Height was measured using a portable, digital, telescopic stadiometer (to nearest mm). Subjects removed shoes and the nurse checked that the participant's head was in the Frankfort plane. Subjects were weighed without shoes and heavy outer garments to the nearest 100 g using electronic digital scales. Subjects were asked if they had lost weight over the last 6 months. If the response was affirmative they were asked to identify how much weight they thought they had lost in one of four categories: less than 3 pounds ( < 1.4 kg); 3 pounds to less than half a stone (1.4 -3.2 kg -generally less than 5% of body weight); half a stone to less than a stone (3.2 -6.4 kgapproximately 5 -10% body weight), and more than a stone ( > 6.4 kg -generally more than 10% body weight).
The total eligible sample was 2172, of whom 1632 responded; 1368 provided anthropometric data; 1276 provided blood samples. Based upon the information obtained in the survey each subject was categorized into one of three groups, high, medium or low risk, using the criteria identified within the MAG tool; high risk -BMI < 18.5 or BMI Undernutrition in older people BM Margetts et al 18.5 -20.0 plus weight loss of 3.2 kg or more or BMI > 20.0 plus weight loss of more 6.4 kg; medium risk -BMI 18.5 -20.0 plus weight loss < 3.2 kg (unless no long-term illness and no weight loss) or BMI > 20 and weight loss 3.2 -6.4 kg; low risk -BMI > 20 and no weight loss ( < 5% body weight). Data were analysed using SPSS for Windows Version 10. Mean and 95% confidence intervals were used to describe blood analytes and simple proportions were used to describe differences between undernutrition risk groups. Binary logistic regression was used to assess the risk of being in either the medium or high risk of undernutrition compared to the lowrisk group for a range of categorical variables. Table 1 presents the proportion of subjects with a BMI less than 18.5, the level used to define chronic protein energy undernutrition (Shetty & James, 1994) as well as the proportion below 20, the proportion of people who have lost weight in the last 6 months and the distribution of risk defined using the MAG tool (based on BMI and weight loss). Just over 3% of subjects had a BMI less than 18.5; 14% of subjects were either at high (7%) or medium (7%) risk of undernutrition; and just over 17% of survey subjects had self-reported weight loss in the last 6 months. Of those people in the medium-and high-risk group 72% reported they had lost weight, 4% put on weight and 24% stayed the same weight. Of those who reported that they had lost weight, 43% thought that diet had contributed to the weight change and 56% thought that a change in health had contributed to the weight change. Table 2 presents the proportion of people defined in undernutrition risk categories broken down by age, gender, domicile and region. More than 20% of subjects living in institutions were either at medium or high risk compared with 12% for free-living people. Gender did not have a strong effect on risk, although more females than males were at greater risk, which may in part be explained by the healthy survivor effect among males. The higher risk in females may be an artefact due to the use of weight change rather than percentage weight change. There appeared an increasing trend of medium or high risk of undernutrition with increasing age (10% for 65 -74 y and 17% for 85 y and older). People living in the north of England or Scotland were about twice as likely to be in the high-risk group as those living in central and south-west England and Wales.
Results
Nearly 6% of the respondents identified their self-reported health status as either bad or very bad, which increased to 17% among the high risk group (Table 3) . The proportion of subjects in the high risk group for undernutrition was considerably higher in subjects stating that they had bad=very bad self-reported health status compared with those with good health status (21.1% compared with 4.4%, respectively). The proportion of subjects with medium or high risk of undernutrition was also higher in subjects with selfreported long-standing illnesses (16.5% compared with 6.6%). Subjects who had been hospitalized in the last 12 (Elia, 2000) . Undernutrition in older people BM Margetts et al months were over twice as likely to be in the high-risk group than those who had not been hospitalized (14.3 compared with 5.0). Table 4 presents the mean levels of selected biochemical measures broken down by undernutrition risk groups. The biochemical measures included in the original survey were selected because they had previously been shown to be related to dietary intake and to be related to nutritional status. Albumin, vitamin E, vitamin D, vitamin C, vitamin A and zinc were all statistically significantly lower in subjects in the high-risk group compared with the low risk group (means and 95% confidence intervals shown). Other biochemical measures were not statistically significantly different; two have been shown for information (ferritin and RBC folate).
Subjects defined as being at high risk of undernutrition, compared with low risk, were more likely to have statistically significantly lower dietary consumption of: fruit and vegetables (178 vs 227 g=day); meat and meat products (119 vs 141 g=day); bread (77 vs 94 g=day); potato (86 vs 103 g=day) and lower energy (6360 vs 7142 kJ=day); protein (57 vs 63 g=day); and fat (60 vs 68 g=day) consumption. These dietary differences are consistent with weight loss data and the differences reported in the biochemical measures. They suggest that those at high risk of undernutrition are not eating enough food to meet their energy needs, and that they are not eating enough meals that are nutritionally balanced. Table 5 presents the results of a binary logistic regression, with risk of being in the medium or high risk group combined compared with the low risk group for domicile, region, age and health measures; the effect of each variable in the table is adjusted for all other variables in the table. The results are presented separately for men and women. This analysis shows that for males, living in an institution (odds ratio 2.17); being aged 85 y or over (2.64); having a longstanding illness (2.34); being in hospital (1.83); and living in the north of England or Scotland (2.81) were all related to increased risk of being at high to medium risk of undernutrition. For females, having a long-standing illness (odds ratio 2.98) and self-reporting poor health (2.82) were strongly related to increased risk of undernutrition.
Discussion
The main findings of this study are that in a nationally representative sample of the older population 14% (21% for subjects living in institutions) are at risk of undernutrition using the same BMI criteria and similar weight criteria as the MAG tool. Those classified as medium or high risk were Undernutrition in older people BM Margetts et al more likely to have lower biochemical measures of vitamins A, D, E, C and zinc in blood which would indicate increased risk of deficiency and impaired metabolic capacity. These findings, which are consistent with lower intakes of fruit and vegetables and meat and meat products and lower macronutrient and energy intakes, provide a link between protein energy status and micronutrient and mineral status. Subjects in the high-risk group were more likely to report poor health and long-standing illness (odds ratio, men 2.34, women 2.98) which suggest that much of the undernutrition is disease related. The National Diet and Nutrition Survey of people aged 65 y and over is a statistically representative sample of the older population living in the UK (Finch et al, 1998) . Sampling or information biases may be present in this study. It could be that those with poorer nutritional status refused to participate, or had already died and were included in the sampling frame, and were thus not included in the estimates of undernutrition reported here. The use of proxy information from 34% of institutionalized older people may have lead to some misreporting of recent weight loss; the prevalence of undernutrition was higher in this group. Selfreported weight loss as used in the present study has been shown to be reasonably reliable (Stewart, 1982) , but we have no data on the reliability of proxy data in this age group. We have assumed that the errors in self-reported weight loss and health status would be randomly distributed; it is possible that those with recent weight loss have over estimated their illness and thus biased the relationship between weight loss and health status. We have no way of confirming or denying this possibility. Height may be 'underestimated' in the present study population due to kyphosis. If this is true, this would lead to an overestimation of the true BMI, and thus an underestimate of the prevalence of undernutrition. Height was strongly positively correlated with demispan in this population.
We have assumed that in older subjects, with a lower than average BMI reporting weight loss, that this weight loss was unintentional. In the few studies that have differentiated between intentional and unintentional weight loss, those with unintentional weight loss when followed up over time have poorer subsequent health outcome (Wannamethee et al, 2000; Meltzer & Everhart 1995) . Unintentional weight loss may be a cause or consequence of disease.
The higher prevalence of risk of undernutrition in male subjects from the north of England and Scotland compared with London and the south east is consistent with the higher morbidity and mortality reported in these regions (Office for Health Economics, 1997) . Whether this is due to differences in underlying health or health care provision and support is not clear, but given that females from the north did not have higher risk might argue against that. Females had a higher prevalence of medium or high risk of undernutrition compared to males (15.4% compared with 11.8%). The odds ratio for the effects of long-standing illness and bad health was also higher in females than males. The less healthy men having already died may explain this, and thus the comparison is based on healthy male survivors. Wellman (1994) has summarized the development of a nutrition screening initiative that began in 1990 in the USA. The initiative validated the use of a checklist for malnutrition as a public awareness tool. Other tools have been developed in Europe, most notably the 18-item mini-nutritional assessment questionnaire (MNA) that covers: anthropometric measures; global evaluation (living circumstances, use of drugs, recent illness); dietetic assessment (meals per day, changes in diet, consumption of specific foods); subjective assessment (self-reported nutrition problems). This assessment gives a score out of 30; < 17 equating to undernutrition (Guigoz et al, 1994) . Nutritional risk based on the MNA was assessed in 627 elderly subjects from small communities across Europe who participated in the SENECA study (SENECA investigators 1996; Pearson et al, 2001) . They found that nutritional risk was associated with diminished cognitive status and diminished self care. Beck et al (2001) in a study of 61 subjects recruited from general practitioners used the MNA and highlighted concerns about the reliability of the tool and its effectiveness in identifying at risk individuals at a stage when intervention may be feasible.
Other studies recently reviewed by Chen et al (2001) used a mix of diagnosis criteria, and mostly included small numbers of subjects drawn from long-term care or hospital settings. To date there have been few community based studies. A Canadian study has recently reported weight change over a 5 y interval in 584 community and 237 institutionalized older subjects (Shatenstein et al, 2001a,b) . Shatenstein found that increasing frailty predicted weight loss. Posner et al (1994) assessed nutritional risk (based on BMI < 22) in 1156 subjects from New England, and found that 16% were at risk.
As far as we are aware this is the first study in which standard criteria to define undernutrition, as developed by MAG, have been used to determine the prevalence of undernutrition in a representative population sample of older people. MAG has advantages over other tools such as MNA in that it is simple and reliable to use, which is an advantage for use in primary care for rapid identification of potentially at risk subjects (Elia, 2000) . The MAG criteria were established for use by a variety of health professionals to screen adults for risk of undernutrition. Having identified risk, a more detailed assessment by a specialist in nutrition is required to confirm nutritional status and to guide treatment.
The MAG criteria used to define medium and high risk for undernutrition were based on a systematic analysis of body function in relation to BMI (Elia, 2000) . The internationally accepted criteria used by the World Health Organization for defining chronic protein energy undernutrition are 18.5 kg=m 2 (see Shetty & James, 1994) . The MAG criteria for high risk is the same: a higher BMI with unintentional weight loss also suggests increased risk. Various other organizations have made recommendations between 18 and 20; Undernutrition in older people BM Margetts et al the USA settling on 19 in their latest report. Higher criteria were suggested ( < 22 or < 24) for older subjects based on data that assessed risk of death. However, important confounding factors were not taken into account in these studies (Willett, 1997; Elia, 2001) .
It is not possible from a cross-sectional analysis such as that presented here to establish whether undernutrition preceded or followed poor health status. It is clear that there is a statistical association between undernutrition and health status in the older population. Irrespective of the direction of the effect, weight loss and undernutrition are good markers of poor health, and improving the nutritional status of the older person is likely to be beneficial for the general health of the individual, contributing to a reduction in the burden of ill health carried by the older population in the community.
At the present time inadequate attention is given to the link between undernutrition and poor health. The results of the present study suggest that if people are weighed on a regular basis and these data are properly charted and included in patient notes (either in GP records or institutional records) it should be possible to detect illness at an earlier stage. Action could then be taken in a more effective and timely manner to reduce the burden of illness, but more importantly to improve the quality of life of a large and growing sector of society. Further research is required to establish the causal pathway and optimal modes of treatment, but this should not undermine the need for timely action to address a major public health issue.
